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mm^] mmm 

C u *^ b ^ S tif M i: *^|IR^^«» $ n T V ^ S r i: #M i: -r S ^M^c 
ffflH^MSMMO_tlc, $ P> 1 MJe>^±®^aM*^?^^S tiT v% S r i: 

n-t^m^^ 1 la^c^^M^o 

tifSB^M^ti^tS^lif^*^ 9 5 %je(J:T'^-5 r i: ^#118: t Sit 1 SH«® 

ttf la^MM a^^bT;i/-'^'AT'fesri:&#^i:-rs«#^2 mm(D±mm. 
If 6 la«o^MIme#®^^ci3v^T. 

lalHtf^M®J^»ti5 0 nm~l SOnrnT^feU, ttflH^«;K«]^(^]^ff l± 8 
0 nin-l 5 0T'fe-S3i:S:#|^i:-rS^«lHie#®tS. 
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0] 

t&gH^l^M®®M^l±l 5 0 nm~2 0 0 nmT'^*J, taia^2'^«MoM 
0 nin'-2 0 n xn-^^-S 3 il &#^i:i-S^MllI^#ffi^o 
[ft^J^l 1] 

t&iB^M® tt^ 1 ^mm. % 2 J: tj^n 3 ^^m® 3 o ® M;b> e> ;i 

2] 

t«i3^1^M«A I2 O3 (ZJMT'^y, ttflB^2^MMt*T i O2 ®®T'fe 
y, ttflHm3^MMiiS i O2 <Z)MT'fesz:i:$:#^i:-r-5^Mm#®^o 

\m^^ 1 3 ] 

M^^gi 2iB«®^MIlIS#M^Jcfev%T, 

lafBfi 1 1 5 0 n m- 2 0 0 n mT'^ *J . talBll 2 ^MMOK 

^liS 0nm~l 0 0 nm-efeU, talHH 3 ^^M^l^ff 1 0 niii~2 0 n m 
^ -5 r & #^ -r -5 Ill«#®^c 
14] 

5] 

cfcoTT i O2 A^e)^ScFi^M?:J^^L, 
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m^m 1 6 ] 

mmT io^ ti'^^j^^^mm^m^'t^^. &i]6. 6 5 — 2 6. 6x1 o~^ 
m^m 1 7 ] 

^mm^m^vt^^. M^mmm^^^y^^-pio^M^mfi^z. eexio'^pa 
m^m 18] 

^m^V. $^ic. ^®±tc 1 5 — 3 o%^0x.T*^e)m^«))l^*T'ld;, O2 

?!/>^$:6. 6 5 — 2 6. 6 X 1 0"^P a^inL/^*^e> A 1 2 O3 CDM^?^J^-tS 
[M^^ 1 9 ] 

m^mi 582«(Z)^«la«#'®li®sg^t:&^^cfev^T, 

?^^$tiSt&ia*^M(3D]^ffli5 0 nm— 1 5 0 nmT'feU, ?^^$tlStrfgS 
[»^^2 0] 
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m^m2 1] 
m^m2 2] 

mmf$lUmm<Dmmitl 5 0 nm~2 0 0 nmT?^y. taiB^2^^M®m 
mitl 0 nm~2 0 nmT'^Sr t&#||^:i:•r-5^MIlI^#®^®^i§:6'^■. 
[lt^^2 3] 

taiS^MMtt^ 1 «aM, m 2 ^«M^ J: tF^ 3 O 3 cxDMA^ :i 

[»*^2 4] 

»^^2 3fa«®^«IiI^#®^(Digjg^^iCfcV>T, 

tagami^MMttA I2 O3 ®Mr'^»J. |ffta^2>K«MliT i O2 ©MT'fe 

im^m2 5] 

mmmi^mm<Dmmiti 5 o nm~2 o 0 mnT-^u, iffSB^ 2 ^mm®i^ 

^tt 8 0 n m-' 1 0 0 n mT?^ U . frflEU 3 UMM(Dimmt 1 0 n m'- 2 0 n m 

m^m2 6] 
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[0 0 0 1] 
[0 0 0 2] 

[«e5R®s^] 

m.^. ^mmw.^'^mu.mzmm-^^ (d . (2) , (3) m(D%wih^ 

o 

4 9 0 3 „ 

$tlfcCu3b>?>^Sl«MM^^M^I^S:^-r-5t;CD (#^BS6 0-195502 

0 nmJStil 0 0 nmJS^T<3DC rMT^feU, ^MiSMMlil^ffi*^ 1 0 0 n mJ!J^ Jt 
15 0 nmje^TCDC uST'feU, -fi^MMlil^^^U 5 0 nmJ2A±2 0 0 n mJS^i^T 
©A Ig O3 mil\^r=.%(D (#^¥6- 2 0 8 0 7 6-^) . 
[0 0 0 3] 

ic T ;i/ ^ A ^ r ;i/ ^ ~ A y?)^ e> j& s^ftic i^s^ffci^ $: s 
*^^C'g>©tiA^fe-5<©'^. fffiBT>n/^~it?A^T;i/^ -'^7i>,-^^iilftjMM®%a) 
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[0 0 0 4] 

(2) , (3) it. RmmitM<tj:^t>\ mmm^^mzmmi)^$>^. 

'mU.mMM (45t:95%100H O3 Ippm, 70r;85%100H O 

3 Ippm) {c, zi(D^mmm0''mmif^mi)''ti^t. Mm^j^mM-^'^m^^o 

[0 0 0 5] 

pRTKffi^n^T&^^^LHg oijmmmizmx-ts. $e>^c7K^c^ttTv^-5^#^ 

mi)Mt>^Xmmmi!j^^S l O2 O3 -»Cu-^C r ililjgLTT^OA 

i^xmt^. A AI2 03 

: A 1 -* A 1 2"^+ 3 e_ (A 1 ©^fi?;Rf6:) 
^^tOg +2H2 0 + 4e_-^4 0H~ (^^©Mtc^K^S) 
r4xe>c?)B:^3g^(Z)3t0^S. mS^fi (F I BlC.tS^'&f) S:^tl^n06 
~® 8 1 ~ 3 iC^tfc 

[0 0 0 6] 

cuM, '0s^M^uTAi2 03 m^^t^s io^m^m.Mht=.^Mmm.^mm 

l^Mg^S^:^ (4 5r, 9 5%RH, 10 0^^, O3 Ippm; 70 r:, 8 

5%RH, 10 0^^, O3 Ippm) ^cev^Jt^. mm^m^hr^t.:i?>. m 
eiB^xfmi {i^-^^^mik^<D^mmwim^M) . ms (.mikm<DFiB (f 

ocused ion b e a m) ^®^S) iCi^-^ cfc IC, bT 
[0 0 0 7] 
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[0 0 0 8] 

*raMcr. MMMCu, M«ft»Ai2 03 m(D^mm:b^m^t^t. c 

rjl:+4. 15X10^ Pa, CuM:+l. 53X10^ Pa, AlgOg 
J^:-0. 6 3X10^ PaT?fey, ^tl ^ ®^©/S:^J^;()^>^^ < , CrUilC 

[0 0 0 9] 
[0 0 10] 

S ti T V ^ ^ 3 il 5: # M -r S ^ M ^ ^ *g m -r -5 © T' & S o 
[0 0 1 1 ] 

[0 0 12] 

i^(Dmm±m(D±izM^mMiz^^xT i o^. tf^^^jt^^mm^mmL. m^m 
^mm(D±izM^mmiz^^x. ^i>js;<ht;Ai2 03 <Dmt:^tiumm^mm 

[0013] 
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mm] 

[0014] 

* fe, C r (fSiJ :+4. 15X10^ Pa). Cu (iSiJ : + 1 , 5 3X1 
0^Pa).Al2O3 iJ^:h : - 0. 63X10^ Pa) <D^mm^<omi]ti^ 

2 :+o. 30X10^ Pa), Cu, AigOg izir^zinzi. v^m 

[0 0 15] 

rrT% mijommt. it^7.m^±iz^m^mmizmmLx^(DKi)f}^^^ 

S t o n e yCD:&SS{Ci: 7^CD^*> e)#m L/fco 
fS::da = EsDV (6 (1-v) R) 

3 3. "X? 

E s : m%.(J>^^i^m. 
D : ««<Z)ff $ 

[0 0 16] 

[lg^©IIJg©?^®] 

m 1 ica^-r J: e) r ;^ ^ - -t? * :t T ;i/ ^ - -^-^^^(Z) mm^^mmo^m 

[0 0 17] 
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[0 0 18] 

m'-' 200nm. ^?^b<tt50n m'- 1 5 0 n ^ b < 5 0 n m~ 

[0 0 19] 

_h, ^f*b<l*8 0 nm—l 5 0 nm, M^f^tV<lt8 0 n m— 1 0 0 nmX 
[0 0 2 0] 

[0 0 2 1] 
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[0 0 2 2] 

[0 0 2 3] 
[0 0 2 4] 
[0 0 2 5] 

immm i ) 

01 ic^-r cfc-^tc, r;i/^— i^^A-^^ (Ai-Mgm) (Z)^M#®^^*^ i tcjw 

[0 0 2 6] 

it'^M2 lil^MA^ 5 0 nmts^^ 15 0 nm(Z)T i Og M^efe-So 5 0 n niT^^i 
[0 0 2 7] 

^©^JETb^JEiJ 6 . 6 5 — 2 6. 6 X 1 0"^P a^Og :^X$:^^inL^*^e>J^?^ 
^■tSCD^W^ LV^o 7!/xm:d:/b^6. 6 5X 1 0~^P a7|^?iT'^<5i:T;teT 
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■D'Dmmi)^ti^m±-t^r^i^izmi}a-t^o2 isy^&ijiiQ. 6 5 — 2 6. 6 xi 

0~^P a7&UV^„ 

[0 0 2 8] 

^M)K*fM3li, j^^*^8 0 nmj£j^_hl 5 0 nmJgtTOCul^T'feSo Cu|^ 
(Dmmti^S 0 nm^mX':^^tRMmi)mTV. l S O nmjet_hT'li^«lC^K 

[0 0 2 9] 

M^Mmm'^^y^'^-PiM^mi}^2. e e x l 0~^P aJeAJ:tCJS:e*T'#oT;&^ 

«^lC^y?^^t- LV^„ m^^«^^^>7'?-©K^S*^2 6. 6X 
1 0"^P a ^®;^T<S<^Si:, Mit^75)^mM0 9 5%$:TtlIoTb*-5„ — 

, 2 6. 6X 1 0~^V ai}^±iztjt:^^xm^xti'^cnm^M^mmmz^vm 
:7.m^i:'p:^jt<^^::tizj:-DX. cum^^(Dmwi!S:^(Dmx mm) i)mtf^ 

o 

[0 0 3 0] 

^mm (mi^mm) 4iiAi2 03 mtf^^^j^^jmmiti 50nmjej^_h2oo 

nmJS^T-e^-So Alg m(Dmmir^ 1 5 0 nm^mx&^ HM^^fj^^^-t^ 
T'fe*;, 2 0 0 nmcfcU:^%V>i:. AM^^#ttS:-t-i?)^;SM#tt^©3fe^#'l4 

[0 0 3 1] 
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m^mmmzj:i)mmmv. ^^iz^(d±izi 5-3 o%^m:^xti^^m^mm 
vNii^ti«, mmil-t^^z^f^^t^Al2 03 $:j^fS-r-5©;&^^?^LVN. m^<^ 
mvx^. Rmm. mmi}^nmz^hmmittj:\>^iD\ mmmhi^i^(omMmm<D 

1 5-3 0%a)ii^^T'ttO2 :3^/:^S:^^^L^v^-eK^^^^^cj:»;ll?^^b, 
§e>ic^®±tci 5 — 3 0%$:M^T*^e)m^®l^^*•e^iO2 ?:^jfin L ^ 

*^e>i^?^^-^st> jKiif^©ffi*^o. 3-0. 5%i^i£-m<^ji^c 

[0 0 3 2] 

i&<mxi.^t>tfK mm^viti^(Dmm(Dmm(D 1 5-3 o%(Dmm^xito2 
^(Dn^x^n^o vis'vs o%^m^xo2 iiS:^^^mi^^\'^tKmmizmm 
$:?^fig-rs(^tiiK?^^L*&«?>©m^mff(oi 5-3 o%<Dmm^x<Dmx'^^K 

^(Dm^ti^icie. 6 5 — 2 6. 6 X 1 0"^P a®ra*^J:V^o Alg m 

<D=b, mmm^ito2 :»:^intwi(Dm'i^^iz^^nx^v. ^(Dmm^Ai^ o 
3 mj^^izm^^^t)^^x;^^o 

[0 0 3 3] 

«®M (II2^^M) 5tt, 0 nmjei^±2 0 nm^ATC^S i O2 ^T-fe 

So 1 0 nm7|5ilT'fe<5i:^M^S*^iB<, 2 0 n mJSiJhT-feS iliSfJ^tt^® 
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[0 0 3 4] 
[0 0 3 5] 

mnzm-tj:oiz. mmmi tmmiz. rjv^-^j^^± (Ai-Mg^) © 
mm if$2umm) ^^mmi^r^. :^mmmit±mRmm3 ^i^^ir^K:^r^i) 

[0 0 3 6] 

EfiraM2ttM^A^5 0 n m*^^ 15 0 nm®T i O2 H'e^-So 5 O n iiitIc^ 
[0 0 3 7] 

. 6 5~2 6. 6 X 1 0"^P aCOOg ^*X$:^iinb:&*^^l^?^^-f L 
O2 ^:^ffi**^6. 6 5 1 0"^P a^l^^T^SilT i O2 Mi:Culli:(Z)iS 
T'MIHI*'ftl*^^C, miZ2 6. 6 XI 0"^P a 9 5% 

t--5fc«?)JC^ijni--5 02 PtfXffilie. 6 5 — 2 6. 6 X 1 0 "^P a *^<fc ^^o 
[0 0 3 8] 

^m^mmSit. j^JSA^SOnmg^JtlSOnmJS^TOCuMT'^So CuM 

(Dmma^s o nm^mv^^^tRmmti^^rv. 150 nmJ!^ii_t-ett^«ic^ra 

[0 0 3 9] 

^jcj:y?^^-rsgg, Ti02 mf3^^tjt^ipmm^M^mm'mz^ijmmvr=.Wi 
M^mmm^^y^^-piM^mti^z g. e x 1 o~^p aj^^jbicj&s^-e^oT}?)^ 



1 3 
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1 0"^P a $:M^T<g<^'5i:, EMmti^mmcOQ 5%^rm-DX i^t o . 

, 2 6, 6 X 1 0"^P ajeA_h{C^-5^T'^oT*^e>Cum$:S;^^«^lC j: 

ti S i?) {c l« M:iif ^ & ffi5f^ =b CO i: # ;i e> ti S o 
[0 0 4 0] 

cmiumm) 4 Aig 03 m*^^:&ym^^^l 5 0 nmje;_h2 0 

OnmOTTfe^o Alg O3 H^j^^TbU 5 0 n mT^pT'^-S 

dl^T'fey, 2 O 0 nm<^:^;:A:^v^i:. AM:^«fe#tt?:^«):tiKM#ffi^®3^^# 

[0 04 1] 

miz.^i)mm^-t:s>mz, mmmvt^^cDm^mmcD 1 5-3 o%®m^*-ei* 

02 :?^fX$:^itIL^v^T'*^^*^^cJ: UJ^J^^L, $e>lc^®Jilcl 5 — 3 0 

y^^miM\^tj:f}'^^mm^ir:s>ii. Rmm(Dmii)^o. 3 — 0. 5{fifis<3&s„ 

[0 0 4 2] 

i&<mxL^^f}K mmmht^^<Dm^mm<D 1 5-3 oro^n^^r-iiOg :^ 
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[0 0 4 3] 

m^mo±mtmmti^nB^o)mMti'h6. 6 5—2 6. ex i o~^p a<Dmtt^ 

[0 044] 

^ttM im2Umm) St*, H^l 0nmj;j;l_t2 0nm|^^T®S iOg l^X-^ 
y, 1 0 nm7|caT'$>S t^®S^M*^<£<, 2 0 n mjei^±T'^-5 il^Kftf^S^® 

[0 0 4 5] 
#M©^^m^#S:Srj5^(D^2 IC^-To 
[0 0 4 6] 

mmom i ^ j: t;^^ 2 *^ ^ e> .t ic. iijegM 1 i: i^jsm 2 t- 

[0 0 4 7] 

m2K.^-t^oiz. rjv^-^M.-^^ (Ai-Mg^) (D^m^^mmi^nzm 
^k. ^mmmz. ^m^Mms. umm cmi^^M) 4, (^2^^m 
) 5. umm imsumm) etimmLt^o mmmsit. mmmi. 2i:M^u 

[0 0 4 8] 

cfJ^M 2 liH^jb^ 5 0 nniTb^e) 15 0 nm©T i Og I^T'^Sc 5 0 n niTl^il 
X:&&iim^^t^^-\'^X&*). 1 5 0 nmJg^J:-e$>Sh^«^C^r^*^;^)^;&^tl^ 

[0 0 4 9] 
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. 6 5~2 6. 6 X 1 0"^P aCDOg A*X$:^ifPb^7b^bJl?^^-rS®7bW^ b 
V^o ©2 ?tf>^jE:^J*'«6. 6 5 X 1 0"^P a^I^p-efeS^T i Og j^ilCul^i:® 

±ir^r^!^izmm-t^02 iSy^&ite. 6 5 — 2 6. 6 X 1 0"^P a;?)^j:V^o 
[0 0 5 0] 

^MMtifMStt, mmiif^ S 0 nm&.±l b 0 nmPAT (DC umv^^. CuH 
®lg^*^8 0 nin7^?iT?fe-5h;5lt^A>{£Tb. 1 5 0 n mje^Jfeii^^lC^^ 

[0 0 5 1] 

S^^*^^^>A-I^K^^75)^2 6. 6X1 0"^P aJSA_hC3&-5tT'#oTA^ 
i O2 m7i^eJ:&-5*I^M©±^CCu3()^e>;^SlSMI^^(Z)^M»mS:K^^« 
^^CJ:^J?^^-rS®*W*bV^<. M^mMm^^ > ^^-PiM^mf)^ 2 6 , 6X1 
0"2p a S:^^T<£<:&Sfc, ^M^*^mM(D9 5 %S:TimoT e)c bjb^L 
26. 6X10 ~^P a&.±\Ztj::i>t,r'm-oXti^^Cum^M^mmmzJ:i)m^ 

[0 0 5 2] 

umm imimmm) 4it. AI2 03 m*>e>^»;m^iii 50 nmjejt±2 o 

0 nmJgi^TT'^So AI2 O3 l^cDl^^^n 5 0 n m7^PT-*><g> 
[0 0 5 3] 
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;5lif^®M*^ 0 . 3-0. 5t$ifl«<J&§„ 

[0 0 5 4] 

^;v^*^MI^*^^^*^^^LTL*ofe^?), O2 ;?fx5:l^in-e:-rjCA 1 2 O3 J^S:?^ 

m'r^(Ditmm^hiBi^<DmMmm<D 1 5-3 o%(Z)m^^T'©^*^J:v^. 

iyt:zm^<DKfi^^m<D^Bltimmf)^tl^^(DmMti^f^ 6. 6 5-2 6. 6X10 
[0 0 5 5] 

mz^mm) 5^, T i Og M*^e>^»JI^^8 0 nmJ^Jll 0 0 nm 
&.TX'$>^o 8 0 nmJtJAT-??* 10 0 nmj: y < Tfe AIJ^^#tt$:-^*:t 

[0 0 5 6] 

(msUmm) 6ld:10nmeA±2 0nmJ[J^T®SiO2l^T'«>-2>o 1 
0 nm5^?iT'feSi:^®3S^A^<g<, 2 0 n mJe^JiT'^S il^Ktif^tt^O^t^^ 
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[0 0 5 7] 
[0 0 5 8] 

mm m2umM) 5, umm msumm) e^m^i^t^. :^mmmit. 4tm 

[0 0 5 9] 

tpmM Z itmmti^ 5 0 nm*^e> 1 5 0 nmOT i Og ^'V^y^. 5 0 nniT^ig 
[0 0 6 0] 

. 6 5 — 2 6. 6 X 1 0~^P aODOg :^fX^^inL:&*^e>E?^^'f"'S®*^^f ^ 1/ 
V>„ Og 5b*>^jat:^J3{)^6. 6 5 X 1 0"^P a^lc^T-feSfcT i Og l^ilC ul^h® 

^T-mMA^tiA^^D, ^{C2 6. 6 X 1 o"^p a ^m^^ t^Mmif^mm(D 9 5 

±-t&t:^i^lzWi1}a-ir^02 iS:^Etlt6. 6 5 — 2 6. 6 X 1 0"^P a*^<J;V>o 
[0 0 6 1] 

±mRMMS\t^ mM;&^8 0 nmJ[Jt±l 5 O nmOT^Cuj^-^^So Cum 
[0 0 6 2] 

iz^vm^-t^^. T i 02 m:fy-^^rj,^tpmm^M^mmmiz^i)mmLt=.^m: 
^mmm^^yA-pim^m.if^2 e. 6x1 o"^p a&.±iz/st^t.x'^^xt('^ 



ffitiE#2 0 0 0- 3 1 



#2 000 — 020269 



ctyj^^-t-S©*^^?* bV>o X^^«a^^>A-|^K^S*^2 6. 6X1 0"^ 
P a S:®;tT<£<^S^. ;Slif^*^mil® 9 5 %$:TIlIoT e>„ b:ft^b2 6 

[0 0 6 3] 

imi^mm) 4^*. Alg O3 m*^^:&^;m^^il 5 0nmje;_h2 0 

0 nrnjeAT-efe-So AI2 m<Dmmi!)^i ^ 0 nm^m-^&^tm^^ti^^-t 

[0 0 6 4] 

j;:*)mmm-t&mz. mm^vik^<Dm^mm(D 1 5-3 0%©M^*T'ttO2 

;^/X$:^i^U^^V^T'K^^*^^CJ: $e>lC^<Z)_hlCl 5-3 0%$: 

^mm<Di 5-3 o%<Dmm^x^ito2 its^^^w^mi^^j^y'^xM^mmmiz^ijm 
mf^v. ^^ic^ojiici 5^3 o%^m:^xit)'^'^m&mmtx'ito2 
MLi^ii^^mmm-t^t. s.Mm<Dmf3^o. 3-0. 5«ifi^<^e„ 

[0 0 6 5] 

<s<mTt^e>*^, m?^fiKb«&«)®m^M^® 1 5-3 0%®ii*^T'iiO2 is 



1 9 
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^-^©HfS:^raC)^flE«!^I^J*^tl^^®^«^^6. 65-26. 6X10 "^P 
[0 0 6 6 ] 

im2Umm) 5{±, TiOg M*^e>^ymff8 0nmJSilJil OOnm 
JSJ^T-e^-So 8 0 niiiJ!^Tl?=fe 1 0 0 nmj; ^Ji^^ <X ^Xm^^^^^^^tc. 

[0 0 6 7] 

umm (ms^mm) 6iii onmjeiijh2 0nmOT®s m-e^So 1 

[0 0 6 8] 
[0 0 6 9] 

[0 0 7 0] 

-tlsnigM (1) ~ (4) ® "tfi^MTiOg m^«^®02 ?!fx^iin*> 
(Dmnz. "#^MAi2 Og mmmm<D02 ^^m^tnto^ is 
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[0 0 7 1 ] 

X-tlliOg :^X$:^iJlIL:t^'^CDMlS^^(5!)^SEli6. 6 5X1 O'^PaOT"^ 
3. 3 2X1 0"^P a&.r<DV^m-^it. ^mmi!)^^-&KJ: V 9 5 A--fe > hJfJJ^T 
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